The interest of researchers and practitioners on roundabout solutions has been growing increasingly in the last decades. The often large areas occupied by this type of intersections require special attention on the use of ground and the preservation of the natural, environmental and architectural heritage. This aim also presents the opportunity for evaluating their impact on the landscape and environment. The paper proposes a new method developed for roundabout evaluation (but generalizable to other infrastructures and fields) borrowed from building technology and based on the needs, requirements and performance expected from an object rather than on prescriptions for and descriptions of its dimensions and quality. Applications on two roundabouts are presented in order to highlight practical developments. Their final evaluation sheets are presented and through them it is relatively easy to single out the problems and drawbacks of the roundabouts from the landscape point of view.
INTRODUCTION
In the two last decades all over the world roundabouts have been a frequent solution for solving road intersections involving areas that are generally wider than in signalized, stop and give way intersections (Curti et al. 2008) . Technical literature on design and building roundabouts from a vehicular traffic point of view is more or less comprehensive both for the European and for the overseas scenario (FHWA 2000; NCHRP 2007; Pochowski and Myers 2010; Abdel-Aty and Hosny 1997; Taekratok 2000; Queensland Government 2002; Austroads 1993; CETUR 1988; CERTU 1998; CERTU 1999; SETRA 1997; Pompidor and Fain 2004; Züst 2003) . Some authors (Mandavilli et al. 2008) ) have already pointed out the potential role of roundabout in reducing atmospheric pollution produced by vehicles, others (Daniels et al. 2011 ) studied safety concerns for different types of road users. Other problems arise with roundabout insertion in urban and rural environments. For example the inner part of roundabouts (the central island) is often used, especially in urban environments, for the insertion of monuments, trees and advertising boards; large areas must be dedicated for building roundabout, and so on. All these facts imply a considerable impact of roundabouts on the landscape and environment that should be evaluated from the point of view of design requirements.
To face the task of the environmental integration of road infrastructures, as for any object, it is opportune to start from carefully reading the guidelines proposed by the European Landscape Convention, Florence in 2000 (Council of Europe 2000) . The first article of these guidelines provides a definition of landscape, policy, quality requirements, preservation, management and planning. It extends the definition of landscape and modifies the ways of possible intervention not only to some protected areas but to a whole region taking into consideration environmental, ecological, cultural, perceptual, political and economic points of view.
The present paper, in dealing with the environment, points to a series of unavoidable considerations lead-*Corresponding author, Email: mussone@polimi.it ing to the extension of the concept of landscape, to eco-compatibility, to the need to reduce energy consumption and to the necessity for a continual check of environmental quality.
The multi-disciplinary capacity necessary to face the environmental question can be best achieved by using an integrated technological approach.
The evaluation of road intersection performance, like any other road infrastructures, should take into consideration the impact on the landscape and environment which, by now, cannot be ignored. This has stimulated research to find new paradigms of analysis. Particularly in the building process an evaluation method has been developed that is not based on prescriptive norms but on fulfillment of requirements relating to specific user needs stated in the next chapter.
The method proposed in the paper for roundabout evaluation is a synthesis of the guide-lines prepared for the Italian Ministry of University and Research (Ginelli et al. 2010) . It is based on the same principles as those developed in the building process and specifically adapted to the consideration of roundabouts. This has led to the definition of the characteristic functional elements of a roundabout (called a "Functional Island"), and all the needs and requirements that describe the expected working of roundabouts. A survey of the real characteristics of a roundabout is the first step of the method and specific sheets are provided to help in this task. All possible needs and requirements and their correlations are previously defined in other tables and the second step requires recognition of those that are really applicable to the roundabout under study. The final step is the completion of the evaluation sheet.
THE REFERENCE THEORY: AN APPROACH BASED ON THE DEFINITION OF NEEDS AND PERFORMANCE

Principles
In general, in order to face a problem using an approach based on needs and performance means, by and large, to assume that the quality of a generic object depends on the fulfillment of certain needs, either implicit or explicit, established by those who have to use it (Becker 2008; Szigeti and Davis 2005) . To fulfill these specific needs, requirements or expectations consistently to the principles and modalities of this approach, represents the aim to be reached or the answers that a specific object must give.
Such a method is different from the conventional prescriptive-descriptive type approach where the guarantee of the final result depends on prescriptions about the nature and dimensions of the object. In fact, it achieves the desired quality independently of the materials and techniques used and thus the concept of needs, requirements and performance are fundamental as explained in the following paragraphs.
A norm based on these above-mentioned assumptions is qualitative and aims at defining and controlling quality by establishing a precise link between the performance of an object and the needs of the users to whom it is destined. This concept is general and applicable to all road infrastructures and therefore also to roundabout intersections.
In the architectonic and building field the components of needs, requirements and performance become the cornerstones of the method and the technical specifics become quantifiable determiners of quality.
Historically, the norm is aimed at the regulation of objects; its purpose is to describe the physical characteristics that objects must have on the basis of past building experience and then of consolidated know-how and state of the art building. The norm states its own evaluation and directive character through an explicit description of objects and it makes prescriptive technical and technological choices and, consequently, also defines its figurative character, until the middle of the twentieth century. This substantially descriptive character is characterized by how and what made a technical element durable, safe, stable, etc., so that it is suitable for the purpose for which it was made, in the light of previous experience.
The traditional norm which is descriptive and object oriented, operates by establishing "how an object should be" with an aim (not explicitly) of guaranteeing users.
Since the second half of the twentieth century the building sector has been characterized by a rapid growth in technological innovations. The shift of interest towards the qualitative character of a work leads to a consciousness that it is necessary to analyze and evaluate the environmental conditions which are representative of human needs rather than the physical and building characteristics of technical elements.
New materials are continually introduced into the building process; components are used instead of semifinished products; approaches to design are substantially modified and require specific game rules.
The industrialization of building changes the industrial production of building components and the characteristics of new materials, of new production systems, and hence of building itself, making the traditional methods obsolete.
The conceptual framework of a norm evolves and, indeed, changes from "regressive" (limiting the freedom of design choices and therefore of action) to "progressive" (allowing expressive freedom within a range of action that is controlled differently and solicits action).
With a performance approach the norm becomes less rigid and no longer focuses on a declared description of objects but on checking performance; in other words it focuses on the behavior of the used object through a continuous dialectic between demand and supply.
In this sense, the designer does not have to define performance whether indirectly or implicitly controllable by a regulatory design, but he can, through the verification of the performance itself, adopt solutions, materials and new forms without obeying to closed "a priori" rules. All physical descriptive information about an object becomes knowledge and analysis of demands and needs that, properly coded, become requirements or, in other words, components capable of singling out the conditions of fulfillment of a building system in certain conditions of use and solicitation.
The performance-requirement approach states and justifies the independence from the technological choice by establishing the performance of a product that represents a sufficient guarantee for the user. Hence, it defines the performance levels of a product with respect to a set of requirements that can be schematically listed as safety, comfort, adequacy and environmental conservation and management.
Therefore the performance norm describes the objectives to be reached as regards performance independently from the technology used: this means to open design possibilities towards research into and the use of new materials and technologies.
The quality of objects or artifacts is generally the goal to aim at on the basis of specific boundary conditions, both material and immaterial, and also historical. This clarification is necessary because quality is a relative, not an absolute value, an answer is qualitatively proper for every specific need provided that it is analyzed and fulfilled with sufficient performance.
The three components, needs, requirements and performance which, together with quality, make up the concept of the building process are the basis of the need-performance approach which recognizes the fundamental role of the user who becomes the starting point of a design through a definition of his needs.
Basic Definitions
The UNI 10838 standard (UNI 1999) Some needs refer to practical aspects and others are more linked to the emotive sphere of possible users of an object; others can derive from uses and behaviors related to certain geographical or cultural areas.
Needs to be fulfilled can also be referred to a single user or to a group of users. In some cases questions can be asked at the same time both for a single user and for more or less numerous groups. In any case the objects under consideration must be capable of fulfilling the needs of users as defined through their specific requirements.
Therefore products can guarantee demand requirements only if their performance is satisfactory when they are being used. Products must be capable of satisfying those requirements and meeting needs previously established but they must also be capable of referring to the specific context in which they operate.
It is clear that the input of the whole process and, therefore, the needs established by users, is fundamental. Hence, many simultaneous and scalar needs must find a comprehensive answer in a series of requirements that in a synergic way satisfy a global performance. Finally "quality" in building can be defined as the measure in which they correspond to the level of performance of objects according to the requirements that have motivated their devising, namely, design, production, choice and execution and that continue to justify their existence.
METHOD
Information Structure
The proposed method aims at defining criteria in order to set up an information structure based on the needs and performance approach capable of evaluating the impact on the landscape and environment of roundabouts. How this aim is reached is schematically depicted in Figure 1 . It is made up of four main phases each concerning the analyses and specifications of roundabout characteristics the results of which are the input for the evaluation of the correlation between the classes of needs, of performance, of fundamental components and, lastly, of requirement verification, as explained in the following sections.
In order to outline this method, a systematic overview of roundabouts built in Europe, from the landscape and environmental point of view, was worked out. Countries with a longer experience in this kind of intersection such as the UK, France, Germany, Spain, The Netherlands and Switzerland, as well as Italy, were analyzed.
Parameters Set up and Informational Structure
After the survey depicted in 3.1 possible parameters for evaluating a "functional island" have been singled out. They can be divided into the following classes: needs, requirements and performance; environmental integration and the requirements of eco-compatibility ( Figure  2 ). The analysis of these evaluation parameters makes it possible to define correlations between the class of needs and that of environmental requirements.
The next step concerned the definition of elements useful for describing the roundabout: specifications, description, survey of geometry and materials; supports for evaluation; cartography and norms; photographic documentation; design work.
Then by coupling the elements of a "functional island" and the correlations between the class of needs and that of environmental requirements, the performance to be guaranteed by the functional components of the roundabout can be defined. Therefore, landscape and environmental integration is defined on the basis of the level of fidelity to the defined requirements for all correlations between the class of needs and that of environmental requirements.
The above mentioned principles must be compared with required performance (and then with related needs), according to variable parameters (of context, landscape and traffic) and non variable parameters (objects and regulatory). In particular the following parameters are singled out with their subsets: As has already been mentioned a list of significant European roundabouts from a landscape and environmental point of view was carried out by applying evaluative and selective criteria reported on a sheet based on the fundamental components of the "functional island".
Collected information refers mainly to:
i context, ii planimetric conformation, iii dimensions, iv layers/materials, v supplies.
THE METHODOLOGICAL SCHEME FOR THE APPLICATION OF THEORY
A standard roundabout (called a "functional island") has been outlined by defining a "type" of roundabout according to its fundamental components (non variable parameters) identified after an in-depth analysis of existing European roundabouts. These components are: the central island, the circulatory roadway and the entry links (Figure 3 ). Then classes of needs to be linked to them have been defined by describing user needs: adequacy, safety, landscape and environmental qualification and management are the priority ones (in Table 2 , the complete list is reported). To each of them can be associated further components with their own requirements in rela- Figure 3 . The basic components of a "functional island" tion to the technological performance of the "functional island" components. Through the combined analysis of required performance and of variable and non variable parameters, the fundamental components of a "functional island" type are further worked out by defining exactly the characteristics they have to be fulfilled in order to satisfy the design requirements while, at the same time, paying particular attention to an acceptable landscape and environmental integration.
As regards the characteristics of the objects of a "functional island" as a whole, the elements taken into consideration are: inscribed circle diameter, exit radius, circulatory radius, exit curb radius, flare entry radius, circulatory roadway width, truck apron width, entry width, and exit width.
As regards the central island, the circulatory roadway and the entry links, they are listed in Table 1 .
Needs in Roundabout Use, Requirements and Performance
The "functional island" type (based on geometrical and functional characteristics of roundabouts) must be related to the class of needs (based on user needs).
The class of needs is defined through the analysis of the class of requirements and each requirement performance must be defined for each fundamental component of the "functional island" type by using specific methods.
The functional breaking down of each fundamental component of the "functional island" type, the identification of the context where the roundabout is placed, landscape classification and traffic analysis, represent the basic steps necessary for singling out the needs, requirements and performance of "functional islands".
Although many tables were prepared to define analytically the characteristics of the "functional island" to help the drawing up of the final evaluation sheet, only the table of possible needs, environmental requirements and performance is reported here in Table 2 .
Other tables refer to:
i list of all functional elements of fundamental components (central island, circulatory roadway, entry links) in which all components are described according to their functional features; ii variable parameters (context, classification of landscape, classes of traffic, volume of traffic) and non variable ones (supplementary systems); iii for each class of needs, the detailed list of needs;
for each need the respective parameters for controlling needs, requirements and technological performance; iv the critical aspects which constitute a priority to be met through specific actions as a function of variable parameters to be taken into account; v for every phase of the life cycle, the ecocompatibility needs to be achieved through the respective requirements by using proper materials, products and technical tools; vi the relationship between classes of requirements and environmental requirements obtained by comparison of evaluation parameters.
Each environmental requirement of the "functional island" components is related to a class of needs producing a double entry matrix.
Other sheets are prepared for surveying the elements of the "functional island" useful for the evaluation of landscape integration. In particular all the elements necessary for identifying the intersection: localization and context, planimetric and altimetric conformation, dimensions, layers and materials, supplies. Table 3 fixes the performance to be guaranteed by all the functional components and checks the necessary requirements by crossing the elements of the "functional island" with the correlations between the class of needs and that of environmental requirements. In particular it evaluates landscape and environmental integration on the level of fidelity to the requirements for all possible correlations between the class of needs and that of environmental requirements and represents the final evaluation sheet.
Evaluation of Impacts and the Evaluation Sheet
The survey of all elements (by using different and appropriate techniques) and a profound knowledge of places thanks to the numerous tables make it possible to achieve the results. The methodology also proposes a final table that sums up on the roundabout planimetry the positive or negative evaluation of each component.
APPLICATION TO TWO CASE STUDIES
In this section the evaluations of two case studies according to the developed method is presented. These two case studies refer to two roundabouts with different characteristics both as regards their form and their urban context in such a way as to represent a significant though not comprehensive sample of possible roundabout building:
i The first one, case study A, is in the municipality of Curno (BG, Italy) and is in an urban context ( Figure 4 and Figure 5 ); ii The second one, case study B, is in the municipality of Ponte San Pietro (BG, Italy) and is in a rural context characterized by an environmental landscape of significant importance ( Figure 7 and Figure 8 ).
In order to develop the evaluation a set of information about territorial planning, conditions of things, roundabout design is necessary. Documentation collected for the analyses is the following:
i Territorial landscape regional plan;
ii Territorial plan of provincial coordination; iii General town plan & aero-photogrammetric maps; iv Photographic documentation of conditions of things; v Executive design (available only for case study A).
The analysis firstly aims at selecting from the complete evaluation sheet present in the guide lines (Ginelli et al. 2010 ) the only items with a negative result for which an intervention should be necessary. The results of this task is reported in Table 4 and Table 5 , and then on the photographic documentation as described in the following paragraphs ( Figure 6 and Figure 9 ).
It must be underlined that, in general, other specific users (such as blind pedestrians) or other traffic conditions (and therefore atmospheric and acoustic pollution) can be considered if necessary, this implies simply the definition of further needs and requirements.
Case Study A (Urban Environment)
This roundabout is located in an urban environment (Figure 4 and Figure 5 ). It has four legs not regularly set and each leg has a splitter island between entry and exit lanes; each splitter island has a pedestrian crossing with a refuge area. External diameter is 38 meters, the central island is 16.4m large with a truck apron of 1.8m and the circulatory roadway is 9 meters large. A correct alignment is not always abided partly due to the non regular configuration of pre-existing roads. A bicycle lane connects the three main urban roads.
In Table 4 requirements not met for this case study are listed. The critical points are, in fact, more since the same requirement is not met more than once as can be seen in Figure 6 . In this figure the specific spot and object that does not meet some requirement is shown by a red arrow together with the requirement code. Figure 6 . Map of critical points (relating to requirements that are not met) for case study A
Obviously it is possible to show all the requirements, whether they are met or not, in order to verify immediately the evaluation process.
Case Study B (Rural Environment)
This roundabout is located in a rural environment (Figure 7 and Figure 8 ).It has five legs almost regularly set and only two legs have a relevant splitter island between entry and exit lanes; no pedestrian crossings are present in the area. External diameter is 65 meters large, the central island is 39 meters large with a truck apron of 2m and the circulatory roadway is 11 meters large.
The alignment is always correct for all entries thanks to the large dimension of the roundabout. At about 120 meters northward the roundabout, the ancient Mapelli Mozzi mansion house is placed; the palace was built in the late XVIII century in the neoclassic style.
In Table 5 requirements that are not met for this case study are listed. As the previous case study the critical Figure 7 . Layout of the roundabout of case study B (city of Ponte San Pietro) Figure 8 . Aerial view of the roundabout of case study B (city of Ponte San Pietro) points are, in fact, more since the same requirement is not met more than once as it can be seen in Figure 9 . In this figure too, the specific spot and objects that do not fulfill some requirement are shown by a red arrow together with the requirement code.
CONCLUSION
In general, in order to face the problem of the environmental and landscape insertion of roundabouts, they, like any other artefact, must be considered from the point of view of the definitions laid down by the European Council on landscape, ratified in Florence, Italy in Figure 9 . Map of critical points (related to requirements that are not met) for the case study B 2000, about the meaning of landscape, landscape policy, landscape quality, safeguard, management, planning. The present discussion of the environment makes a series of considerations that are designed to give an effective answer to the above mentioned problem: the extension of the landscape, eco-compatibility and the necessity of reducing non-renewable energy consumption, the reduced availability of natural resources, the demand for a constant verification of the quality of the landscape. The multi-disciplinary capacity necessary to face the global environmental questions (for new various situations, needs and problems) can be, unlike other approaches to specific problems (related to urban planning), easily achieved by using an integrated technological approach. The technical-scientific analysis represents a method that is capable of facing the complexity deriving from the new landscape concept. A dynamic planning, following the evolution of land transformation, must be based on a willingness to consider as part of a single system all the problems to be faced. It requires a tool that takes into consideration quality, based on the correlation between needs, requirements and performance. The concept of needs, requirements and performance is inevitable in a method where quality is achieved independently of the materials and techniques used. The components of the triad needs-requirements-performance become the cornerstones of the method and thus the technical specifications become the quantifiable determiners of quality. An environmental planning aimed at a constant quality of the landscape, for all its many characteristics (valuable landscapes, degraded areas, anthropic or natural lands, and so on), requires an approach that is capable of conforming to a constantly changing realty, such as that defined by a needs-performance set. This approach has been applied to two case studies, examples of existing roundabouts, one located in an urban context, the other in a rural one. These examples cannot be considered comprehensive of all roundabouts since there are also other types of roundabouts in the Italian scenario, but they are certainly emblematic and useful to understand the proposed method. The real landscape and environmental insertion has been checked according to their compliance or otherwise to the requirements previously set out for the many correlations between environmental classes of needs and requirements. The final evaluation sheet allows us to carry out this task. No compensation between items is considered now; but it is obvious that the evaluation could be dealt with by a multi-criteria approach where the criteria set is simply the requirements set. Indeed, this could be a possible development of this research.
It should be understood that this method requires the survey not only of all information about all elements of the roundabout but also an in-depth knowledge of the territory where the roundabout is located in order to determine the level of fidelity to the defined requirements for the environmental insertion.
This implies a level of knowledge generally greater than that necessary for the roundabout design and in this sense the method is more expensive; two considerations should be held in mind, however: i a roundabout is often preferred (at least in Italy)
for its greater appeal in landscape insertion especially in an urban context; therefore it should fit into the landscape; ii the method forces us to analyze the roundabout (as well as the adjacent environment) from a different point of view (needs and requirements) in respect of norms and design rules; this requires the designer to consider accurately all possible users and their needs and to improve the quality of the design itself accordingly.
Besides this, the proposed tool, though it has been used in this research for the evaluation of a specific structure such as a roundabout, is flexible and versatile enough to be applied during the planning phase too or to be the evaluation tool for landscape and environmental insertion of other types of road structures.
